Six products were tested for effi cacy for control of anthracnose, caused by Glomerella cingulata, on Satsuma mandarins. There were three conventional fungicides (folpet, copper hydroxide and mancozeb) and three new biological control agents (Botryzen ®
INTRODUCTION
Satsuma mandarins (Citrus reticulata) can be affected by a number of pre-harvest plant diseases, namely citrus scab (verrucosis), anthracnose, melanose and botrytis. Colletotrichum gloeosporioides, the anamorph of Glomerella cingulata, causes anthracnose disease. Fruits may be disfi gured by tearstain lesions on the peel, or they may undergo severe rotting, with the formation of dark sunken lesions (Whiteside et al. 1988; Snowdon 1990; Fullerton et al. 2001; Taverner et al. 2002) . One application of folpet at the recommended rate (Table 1) is the industry recommendation to control G. cingulata in New Zealand citrus (K.R. Pyle, pers. comm.). However, the effectiveness of this one application on G. cingulata has not been established and adoption of this practice is based on anecdotal evidence. Folpet is expensive, and there are cheaper alternatives that could be just as effi cacious, e.g. copper and mancozeb (Fullerton et al. 2001 ). In addition, recently commercialised fungicides are now available, such as the biological control agents Serenade ® and Botryzen ® . The trial described in this paper compared the effi cacy of these products. An experimental HortResearch biological control agent (HR42) was also included.
METHODS

Fungicide application
The trial was on a Satsuma mandarin orchard block in Kerikeri (Kwan Mandarins, Inlet Road, Kerikeri) with a previous history of G. cingulata infections. Six products were tested viz., folpet, copper hydroxide, mancozeb, Serenade ® , Botryzen ® and HR42 (Table 1) . The effi cacy of these products was compared with unsprayed trees. Each spray treatment was applied to fi ve replicate trees using a randomised block design. Products were applied at recommended rates (Table 1) on two occasions, immediately after fl owering (11 February 2004) and then at early fruit set (5 March 2004) using a pressurised hand gun sprayer. Latron ® B-1956, a phthalic glycerol alkyd resin and butyl alcohol with surfactant properties, was added at 3 ml/60 litres to all treatments except the unsprayed. Sampling peduncles and leaf discs Peduncles were collected 7 days after each spray application, on 18 February and 12 March. Leaf discs (1 cm diameter, 20 per plant, sampled 5 per quadrant from each of 4 quadrants at north, south, east and west equidistant around the tree) were only sampled after the fi nal spray application on 12 March. A total of 35 trees were sampled on each occasion. Peduncles and leaf discs were transported in plastic ziplock bags from Kerikeri to Mt Albert on the same day.
The next day peduncles were placed in a humidifi ed environment, 20 per chamber. The humidifi ed environment consisted of a sterilised glass Petri plate containing a 70 mm diameter disc of Whatman No. 1 fi lter paper moistened with sterile reverse osmosis water. Peduncles were examined with an illuminated magnifying glass (Gartner Superlux Ltd. Model LSX) 2 and 3 weeks after placement in the humid conditions and G. cingulata quantifi ed by counting the number of peduncles infected out of the total number of peduncles collected.
Leaf discs were sterilised (20 at a time) by rinsing in 95% ethanol for 1 min, sodium hypochlorite (12.2 g/litre sodium hypochlorite) for 3 min and sterile reverse osmosis water for 30 sec. Leaf discs were then dried on sterile blotting paper and placed on Difco® Potato Dextrose Agar in Petri plates (10 discs per plate) (Petrini 1986 ). After 7-14 days, the number of leaf discs (out of 20) from which C. gloeosporioides grew was counted. Leaf discs from which Bacillus subtilis colonies grew were also counted.
Fruit assessments
Fruit were examined for disease symptoms and for any signs of phytotoxicity, when green on 31 March and after the colour had changed to orange on 15 April. There were three main symptom types described and assessed on fruit. The fi rst of these was attributed to G. cingulata and consisted of localised brown spotting lesions about 1 mm diameter in green fruit. These symptoms developed into more widespread brown lesions about 1-3 mm diameter on mature orange fruit. Another symptom, termed blotches, consisted of more diffuse green spots about 5-10 mm diameter. The third symptom type, termed grey/brown lesions, consisted of discrete grey spray deposits that developed into large brown sunken lesions (10-50 mm diameter) that could not be removed.
Symptoms were scored as a percentage of total fruit surface area covered, and 30 randomly selected fruit per tree were assessed, non-destructively.
Statistical analysis
The generalised linear model function of MINITAB (version 9.0) was used for data analysis. Means were separated using Dunnett s test at P<0.05. The linear regression function of Origin (version 7.5) was used to test the relationships between leaf disc and peduncle isolations and fruit rots.
RESULTS
Sampling peduncles and leaf discs
There were no signifi cant treatment differences for the number of peduncles infected with G. cingulata at either sampling time ( Table 2) .
The number of leaf discs from which G. cingulata was isolated was signifi cantly lower from leaf discs of Serenade ® -treated trees than all other treatments ( Table 2 ). The active ingredient of Serenade ® , the bacterium Bacillus subtilis, was re-isolated from almost all leaf discs from Serenade ® -treated trees (Table 2 ). Leaf discs from trees treated with Botryzen ® and HR42 yielded signifi cantly more G. cingulata than did leaf discs from Serenade ® treated trees, but there were no other signifi cant differences. 
Fruit symptoms
There were signifi cantly fewer G. cingulata symptoms on fruit from all treatments, except copper hydroxide sprayed trees, than on fruit from the unsprayed control trees when assessed one week after the fi rst spray application (Fig. 1a) . One week after the second spray application, fruit from trees treated with mancozeb, Serenade ® and HR42 had signifi cantly fewer G. cingulata symptoms than fruit from untreated trees (Fig. 1b) .
There were no signifi cant treatment differences for blotches when assessed one week after the fi rst spray application, but there were signifi cantly more blotches on fruit from copper hydroxide sprayed trees when fruit were assessed one week after the second spray application (Table 3) .
There were signifi cantly more grey/brown lesions on fruit from Botryzen ® treated trees on both assessment dates (Table 3 ). Attempts to wash the grey/brown lesions off harvested fruit were unsuccessful.
There was no signifi cant relationship between isolations from leaf discs and peduncles and fruit rots as tested by linear regression. 
DISCUSSION
Application of mancozeb, Serenade
® and HR42 signifi cantly reduced the brown spotting lesions described as a symptom of G. cingulata in this spray trial. After the second of the two sprayings this disease symptom appeared to decline in some treatments. This can either be attributed to severely infected fruit dropping from the tree, or to diffi culties of identifying these symptoms once fruit had changed colour from green to orange. HR42 is an unregistered and unformulated product that is not currently commercially available and therefore cannot be recommended for control. However, because it was as effective as the best fungicide tested, HR42 shows potential for commercialisation. (Anon. 2005) . Folpet also did not signifi cantly reduce G. cingulata symptoms. None of these three treatments can be recommended for control of disease caused by G. cingulata.
The number of peduncles and leaf discs infected with G. cingulata was not related to fruit symptoms when analysed using linear regression, and there were no signifi cant differences between treatments apart from for Serenade ® -treated trees. Other work with Colletotrichum acutatum on avocado has shown a clear relationship between infected leaf discs and fi nal fruit rots when different orchards were compared (Everett et al. 2003) . It is possible that tree to tree variation on the single citrus orchard used in the present study was too great to fi nd a signifi cant relationship. Alternative explanations are that latent infections are not important in the G. cingulata disease of citrus, or that in citrus, leaf inoculum is not related to fruit inoculum. This aspect requires further investigation.
Isolations of Bacillus subtilis from leaf discs from Serenade ® -treated trees showed that leaves were successfully colonised by this bacterium up to at least a week after application. However, despite having the lowest isolation of G. cingulata from leaf discs, application of Serenade ® did not provide signifi cantly better control of the fruit symptoms than HR42 and mancozeb. As isolations of G. cingulata from leaf discs were unrelated to fruit disease, this result is not unexpected.
